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Abstract
There are large uncertainties in the predictions of the boron neutrino ux from the Sun
which cannot be considered as being of purely statistical origin. We treat the magnitude
of this ux, 
B
, as a parameter to be found from experiment. The properties of the MSW
solution to the solar neutrino problem for dierent values of 
B
are studied. Present data
give the bounds: 0:38 < 
B
=
0
B
< 3:1 (2), where 
0
B
 5:7  10
6
cm
 2
s
 1
is the ux in the
reference SSM. The variations of the ux in this interval enlarge the allowed region of mixing
angles: sin
2
2 = 8  10
 4
 2  10
 2
(small mixing solutions) and sin
2
2 = 0:2 0:85 (large
mixing solution). If the value of the original boron neutrino ux is about that measured by
Kamiokande, a consistent description of the data is achieved for sin
2
2  (0:8  2)  10
 3
(\very small mixing solution"). The solution is characterized by a strong suppression of
the beryllium neutrino line, a weak distortion of the high energy part of the boron neutrino
spectrum and a value of the double ratio (CC=NC)
exp
=(CC=NC)
SSM
at E > 5 MeV close
to 1. We comment on the possibility to measure the neutrino parameters and the original
boron neutrino ux in future experiments.
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1 Introduction
Some important aspects of the solar neutrino problem can be formulated in an essentially
(solar) model independent way [1] - [5]. However, the implications of the experimental results
and, in particular, the appropriate regions of the neutrino parameters in case of neutrino
physics solution, strongly depend on the predicted uxes, the strongest dependence being
on the boron neutrino ux, 
B
. According to the standard solar models [2], [6] {[10] this
ux supplies 100%, 70  80% and 10% of the Kamiokande, Homestake and gallium signals
correspondingly. On the other hand, the predicted value of 
B
has rather large uncertainties.
They are mainly due to poorly known nuclear cross-sections 
17
, 
34
at low energies [10],
as well as to dierent astrophysical uncertainties which inuence the central temperature
of the Sun. In the model [7] these uncertainties are estimated to be at the level of 40%.
Some recent experimental [11] and theoretical [12] [13] studies indicate that nuclear cross
sections 
17
and 
34
, extrapolated to solar energies, might be 20 - 40 % below those used in
the models [2] - [6]. Furthermore, in [14] it was pointed out, that collective plasma eects
have not yet been properly taken into account. A number of small corrections, when added,
may result in diminishing of the opacity, and consequently, of the central temperature of the
Sun up to 2 - 3%. Thus changes of the cross sections and the implementation of plasma
eects may reduce the predicted boron neutrino ux to the one measured by the Kamiokande
collaboration. On the other hand, this ux can increase by as much as 20 % in solar models
with some mixing and diusion of elements [15].
In [16] 
B
was considered as a free unknown parameter. The 
2
-t of present data was
done in terms of neutrino oscillations parameters m
2
, sin
2
2 and the ux 
B
. In particular,
the bound has been obtained

1:43
+0:65
 0:42


0
B
(1), where 
0
B
= 5:7  10
6
cm
 2
s
 1
.
The uncertainties related to the other solar neutrino uxes are rather small. For the
beryllium neutrino ux the predictions from dierent models have only 10% spread. Other
uxes, like those from
13
N and
15
O decays, although being very uncertain, give small contri-
butions to the signals.
Present uncertainties of the
8
B{neutrino ux cannot be considered as pure statistical ones.
Moreover, these uncertainties are unlikely to get signicantly smaller in the near future, at
least not before data from new solar neutrino experiments become available. For this reason,
we will discuss a solution of the problem without referring to the original (theoretical) value
of the boron neutrino ux. This ux will be considered as a xed parameter which should
be measured in solar neutrino experiments. The features of the MSW solution to the solar
2
neutrino problem will be studied for dierent values of 
B
. We present simple analytical
relations which describe the modications of the solutions when the ux is changed. The
range of 
B
will be found for which a consistent description of present data exists.
2 Boron neutrino ux and solar neutrino signals
We will vary the uxes with respect to the central values predicted by the \reference model"
[6]. The predictions of the reference model will be denoted by a superscript \0".
Let us introduce the parameter f
B
, so that the original boron neutrino ux equals

B
= f
B
 
0
B
; (1)
where 
0
B
 5:69  10
6
cm
 2
s
 1
[6] and f
B
is the boron neutrino ux in units of 
0
B
.
The eect of the resonant avor conversion, 
e
! 

(

) [17] is described by the survival
probability, P
B
(E), where E is the neutrino energy. In case of small mixing solutions the
boron neutrino spectrum is on the nonadiabatic edge of the suppression pit. The shape of
this edge can be described down to sin
2
2  10
 3
by the Landau-Stueckelberg-Zener formula
[18] [19]:
P
B
(E) = P
LZ
 exp

 
E
na
E

; (2)
where
E
na
 m
2
l
n
sin
2
2; (3)
where l
n




d
dx
lnn
e



 1
and n
e
is the electron number density. For smaller values of mixing,
sin
2
2 < 10
 3
, the survival probability as given by the simple analytical expressions in
refs.[18], [20] may dier by as much as 30% from the correct ones. The analytical description
of the neutrino transitions found in [21] is free of this shortcoming and can be used in this
region. From (2) and (3) one nds the relation between mixing angle and suppression:
sin
2
2 
E
m
2
l
n
lnP
B
(E); (4)
i.e. the weakening of suppression for xed m
2
implies a decrease of sin
2
2. From (4) one
gets
sin
2
2 = sin
2
2
0

"
1 
ln f
B
lnP
0
B
#
; (5)
where 
0
and P
0
B
correspond to the reference model (f
B
= 1).
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In the region of large mixing solutions the high energy part of the boron neutrino ux
is on the bottom of the suppression pit and P
B
is practically independent on E : P
B
 sin
2
.
Let us dene the averaged over the neutrino energy survival probabilities for boron (elec-
tron) neutrinos in the Homestake, P
H
, and the Kamiokande, P
K
, experiments as
P
i

R
dE
0
B

i
P
B
R
dE
0
B

i
; (i = H;K): (6)
Here P (E) is weighted by the original spectrum and by the relevant cross sections:

H
(E)  
Ar
(E); 
K
(E) 
Z
dT
e
W (T
e
) 
d

e
e
(E;T
e
)
dT
e
;
whereW (T
e
) takes into account the eciency of the recoil{electron registration in Kamiokande,
as well as the energy resolution of the detector, and T
e
is the energy of the recoil electrons.
The average probabilities strongly depend on the neutrino parameters. However, their ratio,
P
H
=P
K
, is close to 1 and changes rather weakly (< 10%) see Table I. This is related to the
fact that the products 
0
B

H
and 
0
B

K
depend similarly on energy at E > 5 MeV. Both
products have peaks with maxima at 10 MeV and 10.5 MeV [22]. The rst (Homestake)
peak is appears at lower energies, and consequently for the nonadiabatic edge, where P(E)
increases with E, one gets P
H
< P
K
. The stronger the distortion of spectrum, the larger
the dierence. The dierence disappears, P
H
=P
K
! 1, when the distortion becomes weaker
P
B
(E)  const. These eects can be seen in Table I: P
H
=P
K
approaches 1 with diminishing
of mixing. In the large mixing domain P
H
=P
K
= 1:0.
In terms of f
B
and P
H
the
37
Ar production{rate, Q
Ar
, can be written as
Q
Ar
= f
B
P
H
Q
0
Ar;B
+Q
Ar;r
; (7)
where Q
0
Ar;B

R
dE
0
B

H
= 6:2 SNU is the contribution of boron neutrinos according to
the reference model and Q
Ar;r
is the real contribution to
37
Ar production{rate from all but
the boron neutrino uxes (\rest" uxes). The suppression factor for
37
Ar production{rate
with respect to the reference value, Q
0
Ar;B
 8:0 SNU, is
R
Ar

Q
Ar
Q
0
Ar
= f
B
P
H
k
B
+Q
Ar;r
=Q
0
Ar
; (8)
here k
B
 Q
0
Ar;B
=Q
0
Ar
= 0:775 is the part of the boron neutrinos in the total signal according
to the reference model.
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The signal in the Kamiokande experiment can be written as
R
e
= f
B
[P
K
+ r(1   P
K
)] : (9)
Second term in (9) is the contribution of 

e-scattering, the factor r  0:16 is essentially the
ratio of the 

e and 
e
e cross{sections. In (9) we have neglected the very small dierence in
the averaged over cross{sections survival probabilities for 

and 
e
.
Let us also introduce the ratio (\double ratio") of suppression factors (8) and (9):
R
H=K

R
Ar
R
e
=
f
B
P
H
k
B
+Q
Ar;r
=Q
0
Ar
f
B
[P
K
+ r(1   P
K
)]
: (10)
From the existing experimental data (Table I) one nds:
R
H=K
= 0:625  0:11 (1) (11)
The
71
Ga production{rate Q
Ge
depends rather weakly on f
B
: according to the experiment
Q
0
Ge;B
=Q
exp
Ge
< 17%, where Q
0
Ge;B
is the contribution to Ge production rate from
8
B{neutrinos
in the reference model.
The relations obtained above allow to control the eects of the 
B
changes on the solar
neutrino signals. Evidently, the decrease (increase) of the original boron neutrino ux can
be compensated by weakening (strengthening) of the suppression due to the resonant con-
version. For xed m
2
this is achieved by diminishing of the mixing angle. However, the
variations of f
B
cannot be compensated completely by a change of the survival probabil-
ity. According to eqs.(7) - (10) there are three reasons for this: (i) other uxes apart from

B
contribute to Q
Ar
, (ii) 

e- scattering contributes to the Kamiokande signal and (iii) P
K
and P
H
are dierent. As a result of these a constraint on f
B
and on the mixing angle emerges.
In what follows we will give the estimates of the mixing angle for xed m
2
 610
 6
eV
2
.
The mass-squared dierence, m
2
, is restricted essentially by the results from the gallium
experiments which imply that the adiabatic edge (E
a
) of the suppression pit is between the
highest energy of the pp-spectrum and the energy of the beryllium line E
max
pp
< E
a
< E
Be
.
This gives m
2
 (6  2)  10
 6
eV
2
. The value of sin
2
2 for other values of m
2
can be
estimated by using the \diagonal ambiguity": for boron neutrinos the survival probabilities
(8) depend essentially on the product m
2
sin
2
2.
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3 Data t for dierent values of boron neutrino ux.
Very small mixing solution
Present data (Table I) x uniquely the solar neutrino uxes which give the best t:
(i). The boron neutrino ux is  0:41 
0
B
at E > 7 MeV. Moreover, the low energy part
of the ux (E  7 MeV) should be suppressed stronger.
(ii). The uxes of the beryllium, pep{,
13
N{, and
15
O{neutrinos are strongly suppressed
with respect to the reference model predictions, so that their contributions can be neglected.
(iii). There is little or no suppression of the pp-neutrino ux.
The conditions (i, ii) allow one to reconcile the Kamiokande and the Homestake results,
if there is an additional contribution to the Kamiokande signal (but not to the Homestake
one) which is equivalent to the ux 
B
 0:09 
0
B
. For the Homestake and Kamiokande
experiments then one gets Q
Ar
 2:5 SNU and R
e
 0:5: According to (i) - (iii) the gallium
production rate is Q
Ge
= Q
0
Ge;pp
+ 0:41  Q
0
Ge;B
 77 SNU, where Q
0
Ge;pp
= 71 SNU and
Q
0
Ge;B
= 14 SNU are the contributions from pp{ and
8
B{neutrinos in the reference model.
Any deviations from the so inferred values of the solar neutrino uxes give a worse t of the
present data.
The resonant avor conversion of neutrinos 
e
! 

(

) [17] allows to satisfy the above
conditions (i-iii). The best t of the data in the reference model (f
B
= 1) is achieved for
Q
Ar;r
 0, P
H
 P
K
 0:12.
The allowed regions of neutrino parameters for dierent values f
B
are shown in g.1.
They were calculated by 
2
{method according to the data presented in Table I, and corre-
spond to 95% C.L. The original uxes have been kept xed (no astrophysical uncertainties
for each contour). For the calculation of the survival probabilities we have used the analyt-
ical description outlined in [21].
Consider rst the small mixing domain. With diminishing f
B
the allowed regions shift
to smaller mixing. Expression (5) describes the shift for values of f
B
not too close to P
0
B
(f
B
> 0:5) and mixing angles sin
2
2 = (25)  10
 3
. In this case all the changes are related
to the narrow energy region of the boron (electron) neutrinos only. For smaller or larger
angles the allowed regions shrink (g. 1a), and both lower and upper bounds on sin
2
2, and
consequently on f
B
, exist for which one can get a consistent description of the data.
The shrinking of the allowed regions as well as the existence of bounds are related to the
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three following eects.
(i) With diminishing f
B
and, consequently, mixing angle the contribution of 

to the
Kamiokande signal decreases. According to (9) one has
R
e
(

) = f
B
r(1  P
K
)  f
B
r
 
1  
R
e
f
B
!
; (12)
and the last approximate equality in (12) is true if P
K
is not too small and f
B
> R
e
. Ev-
idently, R
e
(

) ! 0, when f
B
! R
e
 0:4 0:5. The contribution drops from 16% at
sin
2
2 = 8  10
 3
down to 3% at sin
2
2 = 2  10
 3
and smaller than 2% at sin
2
2 = 10
 3
.
(ii) With decreasing f
B
the distortion of the high energy part of the boron neutrino
spectrum becomes weaker. The spectrum shifts to the upper part of the nonadiabatic edge.
The distortion can be characterized by the ratio of the probabilities P
1
and P
2
at two dierent
energies E
1
; E
2
. Using eqs.(2) and (3) one nds
P
2
P
1
= P
E
1
E
2
 1
1
: (13)
With diminishing f
B
, and therefore increasing P
1
, the ratio will approach 1: if E
2
=E
1
= 2,
P
2
=P
1
= 1:82; 1:41; 1:20 and 1.12 for P
1
= 0:3; 0:5; 0:7 and 0.8, correspondingly. The
change of the distortion of spectra is shown for dierent values of the neutrino parameters
in g. 2. (The corresponding probability can be restored from eqs.(2),(3)).
With weakening of the distortion of spectrum the ratio P
H
=P
K
approaches 1 (see Table I).
(iii) When f
B
decreases the relative contributions, rst of all of the
15
O, pep,
13
N and then
of the
7
Be neutrinos, to the Homestake signal (as well as to the gallium one ) increase. Indeed,
for f
B
 1 all the rest neutrino uxes are on the bottom of the suppression pit, thus being
strongly suppressed. With diminishing f
B
the nonadiabatic edge shifts to lower energies and
at sin
2
2 < 210
 3
it reaches the end point of the spectrum of
15
O neutrinos, E = 1:73 MeV.
With further diminishing of the mixing angle pep-
15
N- and
7
Be{neutrinos also turn out to
be on the nonadiabatic edge. The contributions from the rest uxes increase quickly: for
sin
2
2 = 2 10
 3
we get Q
Ar;r
 0:03 SNU, for sin
2
2 = 10
 3
: Q
Ar;O
+Q
Ar;N
+Q
Ar;pep
 0:16
SNU and, moreover, the contribution of
7
Be{neutrinos becomes appreciable: Q
Ar;Be
 0:14
SNU. The total contribution Q
Ar;r
 0:3 SNU is larger than the 1 error.
For sin
2
2 > 3  10
 3
, when all the \rest" uxes are at the bottom of the pit (Q
Ar;r
 0),
one gets from (8) and (10):
R
Ar
= f
B
P
H
k
B
(14)
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and
R
H=K

k
B
1 + r(1   P
K
)=P
H
: (15)
With diminishing sin
2
2 the double ratio increases. For relatively small f
B
 0:5 and
sin
2
2  (24) 10
 3
one can neglect the second term in the denominator of (15) (the eect
of 

). In this case the Kamiokande signal and the double ratio are
R
e
 f
B
; R
H=K
 k
B
 0:78: (16)
The last number should be compared with the experimental value (11). The contribution
from the \rest" of the uxes (see (iii)) further increases the double ratio (16), thus worsening
the t. The relative suppression of the Homestake signal becomes weaker. For this reason
the allowed region stops to shift and shrinks at sin
2
2 = 10
 3
. The diminishing of the orig-
inal uxes of
7
Be- and
13
N-,
15
O-neutrinos relaxes these eects, and smaller values of sin
2
2
down to 6  10
 4
become allowed (g.1b,c). Let us stress that for small sin
2
2 the size and
the position of the allowed regions are sensitive to uxes of neutrinos from the CNO{cycle.
The inuence of the eects (i) - (iii) on the results of Gallium experiments is rather
weak. At sin
2
2 = 10
 3
the contribution from the
7
Be neutrinos is Q
Be
Ge
 4 SNU and from
13
N,
15
O: Q
N;O
Ge
 2 SNU which is smaller than 1. Therefore present data from gallium
experiments do not give additional bounds on the mixing.
Thus a consistent description of present data is possible even if the predicted boron neu-
trino ux is about that measured by Kamiokande, i.e. f
B
= 0:4  0:5. In this case the
allowed region of lepton mixing is sin
2
2 = (0:6 3)  10
 3
and we will refer to it as to very
small mixing solution. As follows from the above consideration the solution is characterized
by weak distortion of the boron neutrino spectrum at E > 7 MeV, and small contribution
of 

to the Kamiokande experiment.
Consider now the case f
B
> 1. The suppression of the Homestake signal is described by
(14). With increasing f
B
(diminishing P
K
) the contribution of the 

to the Kamiokande
signal increases and therefore the double ratio (10) diminishes. It is the increase of R

e
which
gives the upper bound on f
B
and mixing. Using (14) and (9) we can express f
B
in terms of
experimentally observable values and the ratio P
H
=P
K
:
f
B
=
1
r
"
R
e
 
(1   r)
k
B
P
K
P
H
R
Ar
#
(17)
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This equation allows to estimate the maximal value of f
B
which corresponds to a central value
R
exp
Ar
and the largest possible value of R
e
( 0.65): f
max
B
 2. In this case sin
2
2  2  10
 2
.
The best t of present data with two degrees of freedom: 
2
= 0:09 0:12 is achieved at
f
B
= 1:0 (i.e. at the reference value). For f
B
= 0:75 we get 
2
min
= 0:480:57, for f
B
= 0:5:

2
min
= 1:9  2:2, and for f
B
= 1:5: 
2
min
= 0:78  0:88. According to g.1 a 2-allowed
regions exist for
0:38 < f
B
< 2:5 (18)
which corresponds to the region of mixing angles:
sin
2
2 = 6  10
 4
 2  10
 2
(19)
Lower and upper bounds on ux and angle are determined by the lower and upper bounds
on the double ratio correspondingly.
The dierence between the results (18), (19) and those obtained in [16] is essentially due
to the dierent value of Q
Ar
as well as to the dierent treatment of the boron neutrino ux.
In our analysis f
B
does not participate in the 
2
t.
In the region of large mixing solution the pp-neutrinos are outside of the suppression pit,
boron neutrinos are on the bottom of the pit and all other neutrinos are in the intermediate
region. Consequently, P
r
> P
H
= P
K
= sin
2
. With increasing boron ux (f
B
> 1) the
probabilities P
i
decrease and consequently, the contribution from the \rest" of the neutrino
uxes to Q
Ar
decreases. On the other hand, the contribution of the 

to R
e
increases and
the suppression of the pp-neutrino ux becomes weaker (1 - sin
2
2/2). Thus the suppression
picture approaches the one for small mixing and the t becomes better. Best t, 
2
min
=
0:11 0:14, is achieved at f
B
= 1:8 2:0. With increasing f
B
the allowed region is shifted
to smaller mixing angles. Values of sin
2
2 as small as 0.2 become possible. As in the case of
small mixing the possible increase of f
B
is restricted by the contribution to R
e
from muon
neutrinos, which increases with f
B
. Maximal allowed values are about f
B
 3. In contrast
with small mixing solution here the distortion of boron neutrino spectrum is very weak.
With diminishing f
B
the t gets worse and the allowed region quickly disappears.
4 Measuring the original boron neutrino ux
1. The original boron neutrino ux, or equivalently f
B
, can be measured by a signal which is
solely due to neutral currents, if there are no sterile neutrinos in the solar neutrino ux. (The
9
experimental criteria from which the existence of such neutrinos can be inferred have been
discussed in [27]). After ve years of operation of the SNO detector [28] f
B
will be measured
with an 1% accuracy by the measurement of the event rate N
NC
(estimated 1400 ev/year
for a boron neutrino ux of 3  10
6
cm
 2
 sec
 1
) due to the neutral current disintegration
of the deuteron: f
B
/ N
NC
[
R
dE
NC

0
B
]
 1
.
The double ratio
R
CC=NC


CC
NC

exp
=

CC
NC

SSM
= P
SNO
(20)
gives immediately the average survival probability in SNO experiment, P
SNO
, provided there
is no sterile neutrinos. The parameter f
B
is xed then by the total number of CC{events:
f
B
= N
CC
[P
SNO
R
dE
CC

0
B
]
 1
. Here N
CC
is the number of the charged current events
and 
CC
is the corresponding cross section. The uxes measured by NC{ and by CC{
disintegration of the deuteron in the SNO experiment should approach each other with
diminishing f
B
, i.e. the double ratio will converge to 1. For f
B
= 1; 0:75; 0:5; 0:4, one gets
R
NC=CC
= 0.4, 0.6, 0.75, 0.85 correspondingly.
2. The survival probability and, consequently, f
B
, can be obtained by measuring the dis-
tortion of the neutrino energy spectrum. As follows from g.2 the SNO{detector will be able
to distinguish between the distorted spectrum for sin
2
2 > 6  10
 3
and the undistorted one
predicted by large and very small mixing solutions. However, it will be dicult to further
resolve the spectra corresponding to large mixing, to very small mixing and to astrophysical
solutions.
3. The recoil{electron spectrum measurements also can x to some extend the distortion
of neutrino spectrum and the neutrino parameters. In g. 3 the recoil energy spectra are
shown for dierent values of the mixing angle. Also, present Kamiokande sensitivity, as
well as the sensitivity of Superkamiokande [29], are depicted. As follows from the gure,
the Superkamiokande experiment will be able to distinguish the undistorted spectrum from
the distorted one up to sin
2
2 = 5  10
 3
. It certainly should be possible to identify small
mixing solutions. However, as in case of SNO, it will be dicult to disentangle the large
mixing, very small mixing and astrophysical solutions by studying of the high energy part of
the solar neutrino spectrum. In this case one can use the information from neutral current
measurements as for very small mixing the eects from muon neutrinos are very small in
contrast with the large mixing case.
The very small mixing solution can be identied by the strong suppression of the beryl-
10
lium neutrino ux [30].
5 Implications
The shift of the allowed region towards smaller mixing angles may have serious implications
for particle physics. Suppose the solar neutrinos undergo the conversion 
e
! 

, then for
the 
e
  

mixing, one can write the formula

e
=





s
m
e
m

  e
i







; (21)
where m
e
and m

are the masses of the electron and muon,  is a phase and 

is the angle
related to diagonalization of the neutrino mass matrix. The relation (21) between the angles
and the masses is similar to the relation in the quark sector which follows naturally from
the Fritzsch ansatz for mass matrices. Such a possibility can be realized in terms of the
see-saw mechanism of the neutrino mass generation. According to eq.(21) for very small
lepton mixing one needs a strong cancellation of the contributions. The level of the ne
tuning can be characterized by the parameter
 =

e
q
m
e
=m

: (22)
For example, at sin
2
2
e
= 10
 3
one gets  = 10
 1
, i.e. the two terms in (21) should be
tuned with 10% accuracy. No tuning is needed for sin
2
2 > 5  10
 3
.
Note that the values of mixing angles in (19) are still much larger than the mixing be-
tween the rst and the third generations of the quarks: sin
2
2  10
 5
. However, the lepton
mixing can be easily enhanced by the see-saw mechanism itself with a wide class of right
handed neutrino mass matrices (see e.g. [31]). In this case the solar neutrino decit could
be explained by 
e
! 

conversion. Such a scenario can be realized in the supersymmetric
SO(10) with unique scale of symmetry violation.
In the region of large mixing solutions the increase of f
B
improves the t, and moreover,
the mixing parameter as small as sin
2
2  0:2, i.e. of the order of the Cabibbo mixing
becomes allowed.
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6 Conclusion
1. At present the uncertainties in the predictions of the boron neutrino ux are rather large
and cannot be considered as purely statistical. In this connection we have studied the MSW
solution of the solar neutrino problem for dierent but xed values of the original
8
B{neutrino
ux. Present data (if correct) allow to obtain a bound on this ux, f
B
= 0:38 3:1 and on
the mixing angles: sin
2
2 = 6  10
 4
 2  10
 2
in small mixing domain or sin
2
2 = 0:2 0:9
in the large mixing domain.
2. If the original boron neutrino ux is close to that measured by Kamiokande the data
can be described by \very small mixing solution": sin
2
2 = (0:82)10
 3
which corresponds
to a narrow suppression pit. In this case one expects a weak distortion of the high energy
part of
8
B{neutrino spectrum and a small contribution to the signals at E > 5 MeV due to
muon neutrinos. For very small mixing angles sin
2
2 < 2  10
 3
the size and the position of
the allowed region depend essentially on the uxes of
13
N{,
15
O{ and pep{neutrinos.
3. The values of f
B
> 1 allow for a much better t of the data in the large mixing
domain. The description becomes as good as in the case of a small mixing solution. In
particular, one can get strong suppression of the
7
Be{neutrino ux. The allowed region of
the parameters shifts to smaller mixing angles, so that sin
2
2 = 0:2 are not excluded.
4. The measurement of purely neutral current induced events as well as the double ratio
will allow to determine the original ux of boron neutrinos. The study of the neutrino energy
spectrum in future experiments will allow also to measure the mixing angle (at xed m
2
)
up to (3 5)  10
 3
, thus identifying the small mixing solution. However, by studying only
the spectrum it will be dicult to disentangle the large mixing , very small mixing and
astrophysical solutions. In order to distinguish between these solutions, one needs precise
measurements of the neutral current eects as well as the measurements of the beryllium
neutrino ux.
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Table I.
The averaged survival probabilities for boron neutrinos in the HomestakeP
H
and the Kamiokande
P
K
experiments for dierent values of sin
2
2 and m
2
= 6  10
 6
eV
2
.
sin
2
2 P
H
P
K
P
H
=P
K
1:25  10
 3
0.824 0.834 0.988
2  10
 3
0.734 0.749 0.980
5  10
 3
0.465 0.487 0.955
7  10
 3
0.345 0.366 0.943
10
 2
0.222 0.240 0.925
2  10
 2
0.0564 0.0630 0.895
3  10
 2
0.0201 0.0220 0.914
Table II.
The solar neutrino data used in the analysis.
Experiment Parameter Result (1) Reference
Homestake Q
Ar
, SNU 2:55  0:17(stat) 0:18(syst) [23]
Kamiokande I+II R
e


exp

0
B
0:51  0:04(stat:) 0:06(syst:) [24]
GALLEX I+II Q
Ge
, SNU 79  10(stat) 7(syst) [25]
SAGE Q
Ge
, SNU 74  19(stat) 10(syst) [26]
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Figure Captions
Fig. 1. Allowed at 95 % C.L. regions of m
2
and sin
2
2 for dierent values of the parameter
f
B
(gures at the curves). In g.1a only the boron neutrino ux varies by a factor of f
B
with respect to the standard one, while the other components of the solar neutrino ux have
values as in the standard solar model [6]. In g.1b the beryllium neutrino ux is reduced
by 30 % and in g.1c, in addition to that, the CNO{neutrino ux is reduced by the same
factor.
Fig. 2. The distortion of the boron neutrino spectrum due to the MSW eect for dierent
values of the neutrino parameters. The ratio of the distorted spectrum to the undistorted one
is normalized to 1 at E = 10 MeV. The error{bars shown illustrate the expected sensitivity
after ve years of operation of SNO (in the reaction 
e
+ d ! p + p + e
 
) and do not take
into account any possible systematic errors.
Fig. 3. The distortion due to the MSW eect of the spectrum of recoil{electrons scattered
by
8
B{neutrinos in water Cherenkov detectors for dierent values of the neutrino paremeters.
The ratio of the distorted spectrum to the undistorted one is normalized to 1 at T
e
= 10
MeV. The error bars shown illustrate the present sensitivity of Kamiokande and the expected
sensitivity after ve years of operation of the Superkamiokande detector.
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